We discuss the utilities of scalar masses based on chain breaking scenarios consistent with the present LEP data within supersymmetric grand unified theories. § 1. Introduction
The supersymmetric grand unified theory (SUSY-GUT) 1 > has shown promise as a realistic attempt to go beyond the standard model. In fact, the precision measurements at LEP 2 > have shown that the gauge coupling constants ga, [h. and g1 of the 'standard model gauge group' GsM=SU(3)c X SU(2)L X U(1)v meet at about 10 16 GeV within the framework of the minimal supersymmetric standard model (MSSM). However, various unification scenarios consistent with the LEP data have been known within SUSY-GUTs, for example, the direct breaking of the larger group down to GsM and the models with extra heavy generations. Non-trivial examples are the models of SUSY 50(10) GUT with chain breaking. 5 H> The physics at intermediate scales has recently generated a great deal of interest. For example, the energy scale around 10 12 GeV is interesting for the neutrino masses It is difficult to distinguish the gauge coupling unification scenarios and/ or to show the existence of the intermediate scale by the use of the precise measurements of gauge couplings alone. It has been pointed out that the scalar mass spectrum is useful to select gauge symmetry breaking patterns. 6 >.u> But there are some cases in which the previous analyses do not necessarily give powerful results. (1) For models with relatively small groups such as SU (3)
there is no non-trivial scalar mass relation which is useful to check the breaking pattern. (2) The same type of scalar mass relations hold for the different chain breaking patterns and are not useful enough for the complete selection. These originate from the fact that we specified only the assignments of usual matter and weak Higgs doublets under the nearest gauge group GsB above the weak scale and used the group theoretical method. Hence we need some new constraints on the physics above an intermediate scale.
In this paper, we take up the above cases (1) and (2), and discuss the utilities of scalar masses by adopting a kind of gauge coupling unification scenario as a constraint. § 2. Unification scenarios and scalar masses Now we shall give a brief review of the ordinary unification scenario. The renormalization group equations (RGEs) of gauge couplings g; are given as
2Jr' 2 a;=f~ (1) at the one-loop level. Here the b;'s are the coefficients of the beta function. If the particle contents of MSSM and the precise measurements at LEP are used, the structure constants aa, a2 and a1 (=(5/3)ay) of GsM meet at the scale (2) and the value of the unified structure constant at Mx is (3) This fact suggests that GsM can be unified in the SU(5) gauge group economically. We call the above scenario the 'minimal unification scenario'. However, there exist various unification scenarios which cannot be distinguished by the use of the LEP data if the concept of 'simplicity' is put aside. The scalar mass spectrum is useful to select gauge symmetry breaking patterns, 6 >.u> but the previous analyses were not powerful enough to specify SUSY-GUTs completely, because only the assignments of matter and Higgs doublets under Gss were specified. We shall discuss cases (1) and (2) in order.
First case
First we study the first case by taking SUSY 50(10) model with the following breaking pattern:
as an example. This case has been examined by Deshpande et al. 5 > They assumed that the physics below Ma is described by MSSM, and impose the relation (5) where b~=(2/5)bs-L +(3/5)b2a. Then the unification scale Mu and the unified structure constant au agree with Mx and acuT in the 'minimal unification scenario'. An example of the particle contents is 3{(a,2,1,-2 /s)+(1,2,1, As a sufficient condition on the gauge coupling unification, we impose the more general condition than (5) (6) Banda et a1.7l have analyzed SUSY S0(10) model by demanding that the intermediate scale Ma is approximately 10 12 GeV. Their result is summarized as follows. Only the models with the breaking pattern (4) are possible candidates when assuming that there is at least one Higgs multiplet to give right-handed neutrinos the masses of O(Ma) under some reasonable conditions. Their solutions (i) and (ii) satisfy condition (6) . In their scenario, Ma is also a free parameter, and it is treated as an input parameter.
It is important to check the existence of Ma and to know its experimental value because this information can be important in regard to neutrino physics. The presice measurements of gauge couplings and gaugino masses will not give any useful information. In addition, the sfermion masses have been studied, 6 > but no useful relation has been derived. We shall re-examine the question of whether or not the scalar masses are useful. This time we use the Higgs doublet masses as well as sfermion masses and impose the relation (6) . Then all m~<aJ are not necessarily independent quantities. (For the RGEs of m~<aJ. see the Appendix.) Hence we expect that there is a non-trivial relation.
Using Eqs. (35) and (36), the scalar masses at Ma are calculated as follows,*) 
by eliminating the parameters m1s, m(I,2,2> and D. The relation (14) can be used to determine the breaking scale MR. And we can check the scenario by examining whether the remaining relations are consistent or not at the scale MR. So we can check the scenario by the precise measurements of scalar masses.
Second case
Next we study the second case by taking SUSY Es model. For the following three breaking patterns:
the same type of scalar mass relation
(20) (21) is derived. Here the gauge group SU(5)F X U(1)z corresponds to that of the flipped SU(5) model. 15 > The gauge group SU(5)F x U(1)3' X SU(2)I is one of subgroups of SU(6) x SU(2)I. We shall show that they can be discriminated by imposing a kind of condition on the b/s. For the breaking pattern (1), it turns out that the breaking scale Mss agrees with the unification scale Mx if we postulate that the physics below Mss is described by *> Historically, it was demonstrated that the D-term contribution occurs when the gauge symmetry is broken at an intermediate scale due to the soft SUSY breaking terms in Refs. 13), and its existence in a more general situation was suggested in Ref. 14).
MSSM. There exists a relation among the structure constants at Mx such as (22) where the structure constants of SU(5)F and U(l)2 are denoted as asF and aH2h respectively. From the LEP data, the relation asF(Mx)=ai(Mx) holds and so the accidental relation asF(Mx)=ai<2>(Mx) is derived. On the other hand, the relation acur =asF(Mu)=ai<2>(Mu) holds because of E6 gauge symmetry.*> We can take a scenario with the relation asF(f.-L)=aH2>(f.-L) from Mu to Mx as the simplest one. In this case, we have a condition bs=bi<2> from Mu to Mx. It is a difficult problem whether there is a realistic model which satisfies the condition bs= bi<2> or not. We need to check that only MSSM particles have masses of 0(1) TeV in this breaking. We will not go into this issue which is beyond the scope of this paper.
By the use of Eqs. (35) and (36), the scalar masses at Mx are given as
where JU(f. Table I . Thus three types of breaking patterns (I)~ (III) can be discriminated by the scalar mass relations obtained. § 3. Conclusions
In conclusion, we have re-examined the scalar masses based on the chain breaking scenarios consistent with the present LEP data. For the model with chain breaking such as 50(10)--+ G3221--+ GsM, we have shown that there exists one non-trivial scalar mass relation specific to the breaking pattern. The intermediate scale MH can be determined by using this. A kind of gauge coupling unification condition among the b;'s has been given for three types of Es breakings (I)~ (III), where the same type of scalar mass relation was derived in previous analyses. We have derived a new type of relations which are useful to discriminate three breaking patterns under this condition. It is believed that the measurements of soft masses can be helpful in the exploration of physics at the Planck scale, but they can also be useful in probing physics at the intermediate scale or the GUT scale if SUSY -GUT is realized in nature. Hence it is expected that the measurements of the scalar masses will be influential in the study of high energy physics in the future.
(34)
where i runs over all the gauge groups, but j runs over only U(l) gauge groups whose charges are Q¥?a>, the C2(R;a)'s are the second order Casimir invariants, the M;(Jl.)'s are gaugino masses and nR<a> is the multiplicity. Here we neglect the effects of Yukawa couplings. This approximation can be applied only for 1st and 2nd generation fields. It is straightforward to generalize our results to 3rd generation fields and Higgs doublets by the incorporation of the effects of Yukawa couplings. In deriving Eq. (33), we used the anomaly cancellation condition ~R<a>C2(R;a)QWa>nR<a>=O,*> and the relation of orthgonality ~R<a>Q¥?a>Q)I(b>nR<a>=biOii'· The solutions of the above RGEs are given as m~<a>(Jl.)= mR 2 (tJo)-~ ;; C2(R;a)(M; 2 (J.1.)-M; 2 (tJo))+ ~ tj Q¥?a>(SiCJ1.)-SitJo)), (35) 
